Objective: Periodic limb movement disorder (PLMD) and obstructive sleep apnea (OSA) are prevalent sleep disorders in Sulfur Mustard (SM) patients. This study aimed to consider the relationship between PLMD frequency and arousal related to PLMD in SM-exposed and OSA patients before and after treatment with continuous positive airway pressure (CPAP).
INTRODUCTION
Sulfur mustard, bis (2-chloroethyl) sulfide (SM), is a lethal chemical warfare (CWA) with high absorbance and alkylation properties, which affects several tissues such as the lungs, eyes and skin (1-4). Exposure to sulfur mustard (SM) leads to short-and long-term adverse effects in these organs. The highest unconventional application of SM occurred in Iran-Iraq war (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) . During that period, it injured more than 100,000 Iranians, which one-third of them are still suffering from long-term effects. (5, 6) . Cough, sputum, and shortness of breath are the main long-term effects of SM which were reported in 80% of Iranian patients after exposure to SM (6) (7) (8) (9) . Hemoptysis, feeling of pressure in the thorax, chest pain, and nocturnal dyspnea are the other common complications (10) .
Respiratory tract injury is the most common late complication of SM inhalation that leads to pulmonary disorders. The main underlying pathology of SM patients is bronchiolitis obliterans (BO) and chronic obstructive pulmonary disease (COPD) (8, 11, 12) . Lipid peroxidation, protein alkylation, nucleic acid alkylation, DNA breakage and repair, immune system induction and activation are also reported as cellular and molecular mechanisms of SM injury (5, 8, 13, 14) . Sleep-related breathing disorder (SRBD) is a serious problem among SM exposed patients because it is associated with several unusual respiratory patterns such as obstructive sleep apnea (OSA), hypopnea, and respiratory effort related arousal (RERA).
Hypoventilation or reductions in gas exchange that occur during sleep are also included in SRBD (15, 16, 17) . OSA is a common respiratory disorder during sleep that characterized by apneas, and associated with a reduction in blood oxygen saturation. Each event of OSA typically lasts 20-40 seconds (18) (19) (20) and caused by obstruction of the upper airways (21) . A recent assessment of polysomnography has shown that approximately onequarter to one-half of OSA patients are suffering from PLMD (22, 23) . PLMD is a periodic movement disorder that occurs during sleep that characterized by repetitive leg movements, poor quality of sleep, and insomnia (24, 25) . PLMD are more likely to occur in lower extremities and consist of stereotypical limb movements lasting from 0.5 to 10 seconds reaching amplitude of at least 25% of baselines toe dorsiflexion, occurring in runs of ≥4 with an inner movement interval of 5 to 90 seconds during sleep. It is also poorly understood that why some OSA patients are severely sleepy, whereas others seem immune to this disorder. PLMD with OSA cause dopamine transmission system and sleep disturbances (24, 25) .
Continuous positive airway pressure (CPAP) is an effective treatment for moderate to severe OSA and SM patients (26, 27) . It keeps the airway open during sleep by delivering positive air pressure via a nasal mask or nasal pillows, which fit snugly in the nostrils. CPAP pressures are titrated to eliminate apneas and snoring in a follow-up polysomnogram for diagnostic purposes (27) . Arousal induced by PLMD has been reported in COPD patients.
CPAP therapy has been also showed to improve SRBD and quality of life in COPD patients, which is very similar to SM-lung patients (28) . On the other hand, SM-exposed patients suffering from chronic respiratory complain more than two decades, and so they have some sleep problems such as poor quality of sleep, snoring, and daily somnolence (27, 29) . To date, the relationship between PLMD frequency and arousal related to PLMD has not been reported in SM patients. Therefore, the purpose of the present study is to consider the effect of CPAP therapy on the number of PLM`s and clinical symptoms in SM and OSA patients
MATERIALS AND METHODS

Subjects and study design
This study was conducted according to a parallel, prospective, cross-sectional, design from Jun 2012 to January 2013 in pulmonary department of Baqiyatallah Hospital, Tehran, Iran.
This hospital provides medical cares for SM-exposed patients who injured during the Iraq-Iran war and maintains medical records from the patients. We examined data on 64 SM injured patients and 64 OSA diagnosed patients in the age/sex-matched group, among the more than 100 OSA and 100 SM patients. We used polysomnographic evaluations for all participants. The advantages of CPAP or BiPAP were explained for patients and written consent form was obtained from all participants before recruitment.
Exclusion and inclusion criteria
SM-exposed male patients who have suffered from chronic obstructive respiratory disease and BO were enrolled in this study. The other group included patients who had OSA problem with any complaints of sleep disorders. These patients had Epworth Sleepiness Scale (ESS) score above 10 and were selected for polysomnography. They compared with an age-matched group of SM patients who had complaints of sleep problems. Patients who had the following criteria were excluded from the study: acute bronchiolitis and/or pneumonia, history of pulmonary tuberculosis or resection of one or more lobes, fibromyalgia, musculoskeletal disease, and exposure to other toxin, central sleep apnea, hematologic disorders, neurologic disorders, cardiovascular disease, and participating in simultaneous clinical trials. Patients were also excluded if they were using any type of medications that may induce PLM disorder (e.g., dopaminergic medications, opiates, benzodiazepines, and tricyclic antidepressants).
Patients with autoimmune induced diseases such as type 1 diabetes mellitus (T1DM), or rheumatoid arthritis (RA), and acute upper respiratory tract infections, were excluded as well. (30) . Respiratory evaluations were scored for the presence of apneas (10-s, or longer, cessation in nasal-oral airflow). Airflow was monitored by nasal-oral thermocouples, and respiratory efforts were monitored through thoracic and abdominal movements. Apnea was scored when there was a cessation of airflow with duration of 10s or more. Obstructive apnea was diagnosed if an effort to breathe was detected by abdominal movement, thoracic movement, or intercostal EMG activity during the episode. A central apnea is defined when a cessation of airflow was detected for at least 10s during which there was no indication of respiratory effort. Blood oxygen saturation was measured by pulse oximetry using a finger probe. PLMS were recorded from 2 surface electromyographic electrodes positioned 2 to 4 cm apart over the belly of the tibialis anterior muscle of each lower limb (31) . Leg movements that occurred as part of general body movements in association with EEG arousals following obvious apneas or hypopneas were not scored as PLMS (32) . The complete record was scored manually for sleep stage, arousals, apneas, hypopneas, total periodic leg movements, and periodic leg movements associated with arousals.
Sleep parameters and polysomnographic evaluation
All entered patients were treated with CPAP, which was delivered via a full face mask in which a mask is worn over the nose and mouth during sleep. Sleep study was performed in two segments including the first (first 4 h of sleep (SS1)) without CPAP and the second segments (second 4 h of sleep (SS2)) with CPAP titration if indicated. Comparison of the two segments and two groups (SM and OSA) was also performed. The CPAP titration was begun After treatment with CPAP or BiPAP, these variables were evaluated in the both groups. Finally, the relationship between PLMD frequency with OSA and SM exposure were determined and compared. In this study, the percentages of patients who had PLMS index above 20% before and after CPAP therapy were compared between two groups. Total PLMS, PLMS index, PLMS associated with arousal, PLMS associated with respiratory events, PLMS without arousal and respiratory events compared in the SM and OSA groups, before and after CPAP therapy.
Ethical considerations
This study was approved by Ethical committee of BMSU. Potential volunteers were informed about the purpose and procedure of the study and only volunteers who signed an informed consent were recruited. The informed consent tells patients that they have a right to leave the study at any time.
Statistical analysis
All quantitative data were analyzed using SPSS v16 (SPSS Inc, Chicago, IL, USA) and are shown as mean ±SD. A Kolmogorove-Smirnov test was performed to examine the normality of data. Quantitative parameters were expressed as mean ± SD and compared using a Student's t-test. Independent and paired sample t-tests, analysis of variance (ANOVA), a Mann-Whitney Test, and a Kruskal-Wallis test were used to analyze continuous variables.
There were no missing values. Due to the small sample size, a Bootstrap method was used.
The Spearman's rank correlation test was employed to determine the association between two variables. P-Values < 0.05 were considered as significant difference.
RESULTS
Study population
As we depicted in a flowchart, of 200 eligible patients, 72 patients were excluded from the further analysis because of complement disorders and reluctance to cooperate in survey (figure 1). Finally, we entered 128 male patients in this study, which were divided into two age/sex-matched groups including SM (n=64) and OSA (n=64) patients. Demographic and clinical characteristics of all patients in the both study groups are summarized in table 1. No significant differences were observed for baseline demographic characteristics between the two groups. Table 2 shows the polysomnographic variables in each group before and after CPAP therapy.
Polysomnographic variables characteristics
There is a significant difference between SM and OSA groups for TST (P=0.03), SE (P=0.004) and PLMAI (P=0.001) before CPAP treatment (P<0.05). After CPAP therapy, only sleep onset latency (SOL) (P=0.01) and PLMAI (P=0.004) were significantly different between two groups (P<0.05). The average of total sleep times after CPAP therapy had been increased significantly in both groups.
After CPAP titration, the mean of SOL in the SM and OSA groups was reduced nearly seven and three times, respectively (P<0.001). In the SM group, SE (%), PLMA, and PLMAI were increased significantly (P<0.05). The PLMA and SE were significantly increased in OSA group (P<0.001); while the PLMAI was reduced (P=0.004). There was no significant difference in mean of TST before and after CPAP therapy in the both groups. The prevalence of AHI in the SM and OSA groups was 65.95% and 3.91%, respectively. The mean of AHI before CPAP therapy in the SM and OSA groups was 21.20±17.44 and 25.19±13.34, respectively. This difference was not significant between the two groups (P=0.23). Also, the mean of AHI after CPAP in the SM and OSA groups was 8.27±7.82 and 10.04±7.88, respectively. This difference was not significant between the two groups (P=0.32). The percentage of PLMS index above 20, in the SM and OSA groups before CPAP was 34.78 % and 50%, respectively.
PLMS characteristics
The mean of PLMS characteristics from patients in the both groups are shown in Table 3 .
There was no significant difference between the two groups regarding the PLMS data before and after CPAP. However, a significant difference was observed in the mean of PLMS without arousal and respiratory events (P= 0.001) and PLMS associated with respiratory events before and after CPAP in SM exposed group. A significant difference was also found for the means of PLMS associated with arousal (P= 0.003), PLMS associated with respiratory events (P=0.007), PLMS without arousal and respiratory events (P=0.001), and PLMS index (P=0.001) in OSA group.
PLMS >20 characteristics
The percentages of patients who had PLMS index above 20% before and after CPAP therapy were also compared with each other. In the both study groups, PLMS index, PLMS associated with arousal, PLMS associated with respiratory events, PLMS without arousal and respiratory events were compared before and after CPAP therapy. These data are summarized in Table 4 . There was no significant difference for all evaluated PLMS indexes above 20% (P≥0.05) between two groups after and before CPAP therapy. The percentage of patients in the SM and OSA groups who had PLMS index above 20% before the CPAP therapy was 34.78% and 50%, respectively. However, after CPAP therapy this percentage was decreased to 19.56% and 30.43%, respectively. Interestingly, there was no significant difference between the two groups, after and before CPAP therapy (P=0.93). The percentage of patients, who had PLMS associated with arousal above 20%, was 51.52±17.23 and 40.71±20.19 in the SM and OSA groups, respectively. The difference between the two groups was not statistically significant (P=0.21). But after CPAP therapy, the percentage of patients who had PLMS associated with arousal above 20%, was changed to 43.9% and 38.58% in the SM and OSA groups, respectively. This difference was not significant between two groups (P=0.51).
The percentage of patients, who had the PLMS associated with arousal above 20% before CPAP, was 19.56% and 30.43% in the SM and OSA groups, respectively. However, it had been increased to 28.26% and 41.3% in the SM and OSA groups, respectively. Also there was no significant difference between the two groups, after and before CPAP therapy (P≥0.05). The percentage of patients who had the PLMS associated with respiratory events >20% before CPAP, was 10.86% in the both groups. It had been increased to 67.39% and 82.6% in the SM and OSA groups respectively. We didn't find a significant difference between the two groups, after and before CPAP therapy (P≥0.05).
DISCUSSION
In this study we evaluated the relationship between PLMD frequency and arousal related to PLMD in the SM and OSA patients before and after CPAP therapy. To the best of our knowledge, there is only one study that considered the effects of CPAP therapy on PLMD in SM patients (15) . Our data showed that the frequency of PLMI-PLMAI in SM patients was higher when it compared to patients with moderate OSA. These results noted a high frequency of PLMD in SM and OSA groups. Furthermore, PLMS Index in OSA patients was declined significantly after CPAP therapy; however, in SM patients we didn't observe a significant change. PLMS associated with respiratory events in each group had been decreased significantly after CPAP therapy, but there was no significant difference between the two groups. PLMS associated with arousal (PLMAI) was also increased significantly in the OSA group (P=0.003), but there was no significant change in the SM group after receiving CPAP. Sleep quality was raised significantly after CPAP therapy in the both groups (SM: P=0.006, OSA: P=0.001).
In a study by Charokopos et al, they have compared the PLMD in the COPD and OSA patients. They have reported a significant increase in mean of PLMIA among COPD group. PLMS associated with arousal was also seen in patients with COPD (28) . In our study, SM patients could be considered as a subset of patients with COPD due to similarities in respiratory disease (34, 35) . Several studies have recently reported that patients with Overlap Syndrome (COPD and OSA), have higher interest rates of hypoxia and hypercapnia than COPD patients (36) (37) (38) . In this study the prevalence of AHI in patients who exposed to SM was higher than patients with OSA (95.5% vs 91.5%). Therefore, SM patients are component of Over Lap Syndrome patients. Previous studies have reported that inflammatory stimuli during sleep and loss of pulmonary function in patients with COPD are the main reasons for OSA in the Over Lap Syndrome patients (38) (39) (40) . Also cardiovascular, hematologic and pulmonary function disorders are more common in SM and COPD patients who have also sleep hypoxia. Oxygen therapy is the main treatment of COPD patients with OSA. In addition, CPAP is a useful adjunctive therapy for Over Lap Syndrome patients (41) (42) (43) . In our previous study, the prevalence of nocturnal hypoxia in COPD patients was reported 89%, in which nocturnal hypoxia was decreased significantly after CPAP therapy (15) .
In the current study, the average of total sleep times after CPAP therapy in OSA and SM patients was increased to 17.79% and 15.85%, respectively. Factors such as disorders in oxygen saturation, arousal reduction, weakness of respiratory muscle, increase in airway resistance, mechanical respiratory dysfunction (such as dysfunction of the diaphragm and increasing of functional residual capacity (FRC)), and reduction in ventilation response to hypoxia and hypercapnia are the main reasons for respiratory disorders during sleep in COPD patients (44) (45) (46) . Therefore, we can improve the sleep quality of COPD and SM patients with improve of lung mechanical function. In other word, respiratory parameters in patients with obstructive sleep apnea who don't have PLMD are somehow worse than patients who have OSA and PLMD. Other previous studies confirmed that PLMD in patients exaggerates respiratory symptoms, independent from OSA (47, 48) .
In our study, adverse respiratory events were significantly reduced after CPAP therapy and that there were no significant differences with OSA group. This highlights the fact that in the pathogenesis of SRBD in mustard-exposed patients, the role of upper airways is more important than the lower airways and bronchiolitis.
One limitation of this study was lack of a control group free of both RLS and PLMS.
On the other hand, the prevalence of OSA and PLMS in SM patients was 95.5% and 93.8%, respectively, which was more than expected. To determine overall prevalence, it is necessary to conduct additional studies with more samples, as well as evaluate the severity of obstructive sleep disorders and relationship with PLMD in compare with control groups.
Due to the high cost of treatment and the severity of nocturnal hypoxia in SM patients and the high prevalence of OSA in this group, it's necessary to consider sleep disorder seriously in these patients and evaluate new therapeutic approaches to reduce PLMD and other related disorders.
CONCLUSIONS
In conclusion, the prevalence of PLMD was high in patients exposed to SM, suggesting this disorder is not solely associated with respiratory problems. This study underscores importance of recognizing PLMD as a concurrent sleep disorder on several subjects with OSA presenting for CPAP titration. In order to manage and treat this condition, more data are needed to understand the severity of this issue. Moreover, complementary molecular studies along with large sample sizes are necessary to be conducted in further investigations. All data expressed as mean ± SD (range); Abbreviations: Obestractive sleep apnea (OSA); Sulfur mustard (SM); Body mass index (BMI). 
